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(54) A method of and an apparatus for searching a contents addressable memory 



(57) To provide a method of searching a CAM which 
enables to search an address of matching contents 
cyclically recorded in a memory array of the CAM with a 
priority at once, the method of searching a CAM array 
(2) having first address lines (20), whereof certain are 
made active when the CAM array (2) is searched with a 
search key, comprises steps of: obtaining restricted 
search results by making address lines of the first 
address lines (20) having addresses lower than a 

FIG.1 
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restriction address inactive; selecting logic of third 
address lines (70) from logic of the restricted search 
results when any of the restricted search results is 
active, and from logic of the first address lines (20) as it 
is, when none of the restricted search results is active; 
and outputting a searched address by encoding a low- 
est active address line of the third address lines (70). 
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Description 

The present invention relates to a method of and an 
apparatus for searching a Contents Addressable Mem- 
ory (hereafter abbreviated as the CAM) which can be s 
accessed with its contents, that is. memorized data, as 
a search key 

In the CAM, data memorized therein can be 
accessed with contents of the data themselves, while, 
in, ordinary memory devices, memorized data are sim- 10 
ply to be accessed with their addresses. That is, when a 
bit sequence of a word length, whereof some bits may 
be masted, is given as a search key to the CAM in a 
search mode, the CAM outputs an address thereof by 
encoding an address line, namely, a word line of its rs 
memory ceil array wherein the same or matching bit 
sequence is recorded. 

Therefore, by memorizing communication log data 
in the CAM at addresses associated with their time 
stamps, for example, a time stamp of a specific commu- 20 
nication log can be searched by accessing the CAM 
with a bit sequence corresponding to log data to be 
searched. 

There may be more than one address line, how- 
ever, wherein the same data are recorded in, the CAM 25 
array. Hence, there is usually provided a priority 
address encoder in the CAM, which outputs a searched 
address by encoding an address line selected with a 
certain priority, that is, a lowest address line or a highest 
address line among address lines of the CAM array so 
which are made active by the search key. 

Further, in some CAM devices, there is provided a 
priority restriction circuit for restricting effective address 
range of the address lines to be encoded with the prior- 
ity by designating a restriction address, so that the prior- 35 
ity encoder outputs an address of the lowest address 
line not lower than the restriction address, or an address 
of the highest address line not higher than the restric- 
tion address, among the address lines made active by 
the search key. 40 

An example of a CAM provided with such a search- 
ing apparatus having the priority encoder and the prior- 
ity restriction circuit is described by the present inventor 
in a Japanese patent application entitled "ATM Cell 
Transfer System" (hereafter called the first prior art), laid 45 
open as a Provisional Publication No. 139741/97. In the 
ATM cell transfer system, by associating addresses of 
the CAM with timings, address data of received ATM 
cells stored ii, a buffer memory are registered in lowest 
available addresses (corresponding to earliest timings) so 
of the CAM searched with a search key for searching 
available addresses with the restriction addresses asso- 
ciated with timings (that is, after the timings) at which 
the received ATM cells are ideally to be transmitted, for 
enabling a prompt and simple re-timing of ATM cells to ss 
be transferred. 

In another Japanese patent application laid open as 
a Provisional Publication No. 189979/93 (to be called 



the second prior art), a different type of the searching 
apparatus is disclosed, wherein all addresses of a CAM 
having the matching data are output sequentially one by 
one with a priority. 

However, there are cases wherein a CAM having a 
limited memory space is desired to be used cyclically 

For example, there may be a case where specific 
fog data earliest after 22 o'clock of the previous date are 
desired to be searched from communication log data 
daily recorded at every second in a CAM whereof 60 x 
60 x 24 addresses are associated to every second of 
one day. In the case, designating a restriction address 
corresponding to 22 o'clock, the CAM is searched with 
a bit sequence corresponding to the specific log data 
However, when there is found no matching log data after 
the restriction address until the highest address, that is, 
from 22 o'clock to 24 o'clock, the CAM should be 
searched once more, resetting the restriction address to 
the lowest address representing 0 o'clock of the present 
day, in the first prior art. 

It is the same in the second prior art. 

Therefore, a primary object of the present invention 
is to provide a method of and an apparatus for search- 
ing a CAM which enables to search an address of 
matching contents cyclically recorded in a memory 
array of the CAM with a priority at once, that is, a lowest 
address line indicating matching contents among whole 
address lines of the memory cell array when there is no 
address line indicating matching contents among 
address lines not lower than a designated restriction 
address, and a lowest address line indicating matching 
contents, when there is ally, among address lines not 
lower than the restriction address, or a highest address 
line indicating matching contents among whole address 
lines of the memory cell array when there is no address 
line indicating matching contents among address lines 
not higher than a restriction address, and a highest 
address line indicating matching contents, if there is 
any, among address lines not higher than the restriction 
address. 

in order to achieve the object, the method of the 
invention of searching a CAM array having a plurality of 
first address lines whereof certain are made active 
when the CAM array is searched with a search key com- 
prises steps of: 

obtaining restricted search results by making 
address lines of the plurality of first address lines 
having addresses lower than a restriction address 
inactive; 

selecting logic of third address lines from logic of 
the restricted search results when any of the 
restricted search results is active, and from logic of 
the plurality of the first address lines as it is, when 
none of the restricted search results is active; and 
outputting a searched address by encoding an 
active address line having lowest address among 
the third address lines. 
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Therefore, an address of matching contents cycli- 
cally recorded in the CAM array can be searched with a 
priority at once, that is, a lowest address line indicating 
matching contents among whole address lines of the 
CAM array when there is no address line indicating $ 
matching contents among address lines not lower than 
a designated restriction address, and a lowest address 
line indicating matching contents, when there is any, 
among address lines not lower than the restriction 
address. w 

When a highest address is desired to be searched 
cyclically, the method of the invention comprises steps 
of: 

obtaining restricted search results by making is 
address lines of the plurality of first address lines 
having addresses higher than a restriction address 
inactive; 

selecting logic of third address lines from logic of 
the restricted search results when any of the so 
restricted search results is active, and from logic of 
the plurality of the first address lines as it is, when 
none of the restricted search results is active; and 
outputting a searched address by encoding an 
active address line having, highest address among 25 
the third address lines. 



encoding one of first address lines 20 made active of a 
CAM array 2. 

The CAM array 2 is provided with a search key 
interlace 3 where a search key is input and a mask data 
interlace 4 where mask data are input, and makes 
active each of the first address lines 20 connected to 
memory cells storing contents whereof logic of bits 
unmasked by the mask data is matching with logic of 
corresponding bits of the search key. 

The searching apparatus 1 comprises; 

an address decoder 6 for making one of second 
address lines 60 active by decoding a restriction 
address supplied thereto, the second address lines 
60 having the same number with the first address 
lines 20, 

a selective restriction circuit 7 for restricting effec- 
tive range of the first address lines 20 selectively, 
such as will be described afterwards, according to 
logic of the first address lines 20 and logic of the 
second address lines 60, and making active some 
of third address lines 70 according to logic of effec- 
tive range of the first address lines 20, and 
an priority address encoder 13 for outputting a 
searched address by encoding an active one of the 
third address lines 70 with a priority. 



Therefore, an address of matching contents cycli- 
cally recorded in the CAM array can be searched also 
with another priority at once, that is, a highest address 30 
line indicating matching contents among whole address 
lines of the CAM array when there is no address line 
indicating matching contents among address lines not 
higher than a designated restriction address, and a 
highest address line indicating matching contents, when 35 
there is any, among address lines not higher than the 
restriction address. 

The foregoing, further objects, features, and advan- 
tages of this invention will become apparent from a con- 
sideration of the following description, the appended 40 
claims, and the accompanying drawings wherein the 
same numerals indicate the same or the corresponding 
parts. 

In the drawings: 

45 

FIG. 1 is a block diagram of a CAM provided with a 
searching apparatus 1 according to an embodiment 
of the invention; 

FIG. 2 is a block diagram illustrating an example of 
the selective restriction circuit 7 of FIG. 1 ; and so 
FIG. 3 is a block diagram illustrating another exam- 
ple of the selective restriction circuit 7 of FIG. 1 . 

Now, embodiments of the present invention will be 
described in connection with the drawings. 55 

FIG. 1 is a block diagram of a CAM provided with a 
searching apparatus 1 according to an embodiment of 
the invention for obtaining a searched address by 



As to the address decoder 6, any appropriate con- 
ventional address decoder, such as a row address 
decoder of an ordinary memory cell array for making 
one of word lines active by decoding a row address, 
may be applied, and detailed descriptions are omitted, 
here. 

As to the priority address encoder 1 3, any appropri- 
ate conventional priority address encoder may be 
applied, and detailed descriptions are also omitted. 
When a lowest address is desired to be searched cycli- 
cally, an priority address encoder for encoding a lowest 
active address line is applied to the priority address 
encoder 13, and an priority address encoder for encod- 
ing a highest active address line is applied to the priority 
address encoder 13 when a highest address is desired 
to be searched cyclically. 

In the following paragraphs, details of the selective 
restriction circuit 7 will be described. 

FIG. 2 is a block diagram illustrating an example of 
the selective restriction circuit 7 which is applied to the 
searching apparatus 1 wherein a lowest address is 
desired to be searched cyclically, by way of example, 
used in combination with a priority address encoder 13 
for encoding a lowest active address line. 

Referring to FIG. 2, the selective restriction circuit 7 
comprises; 

a cascade connection of priority restriction circuits 
8/ (/' = 1 to n), each corresponding to each of a plu- 
rality {n) of the first address lines 20/, for obtaining 
restricted search results 80/ according to logic of 
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the second address lines 60/, 
a check circuit 9 for checking logic of the restricted 
search results 80,, and 

a cascade connection of selection circuits 10/ for 
selecting logic to be output to the third address lines 
70/ from logic of either of the first address lines 20/ 
or the restricted search results 80/ according to out- 
put of the check circuit 9. 

The first, the second and the third address lines 20/, 
60/ and 70/ correspond to those 20, 60 and 70 of FIG. 1 . 

Each of the priority restriction circuits, a priority 
restriction circuit 8„ for example, has an OR gate 81 
(except for first priority restriction circuit 8^ for obtaining 
OR logic of Mh second address line 60/ and output of 
the OR gate 81 of the lower priority restriction circuit 8/. 
1( and an AND gate 82 for obtaining AND logic of Mh 
first address line 20/ and output of the OR gate 81 (or 
logic of a first 60, of the second address lines in the first 
priority restriction circuit 8,). 

The check circuit 9 has an multi-input NOR gate 91 
for obtaining NOR logic of all of the restricted search 
results 80,. 

Each of the selection circuits, a selection circuit 10/, 
for example, has an AND gate 101 for obtaining AND 
logic of Mh first address line 20/ and output of the NOR 
gate 91 , and an OR gate 102 for obtaining OR logic of /- 
th search result 80/ and output of the AND gate 101 . 

Now, operation of the selective restriction circuit is 
described referring to FIGs. 1 and 2. 

A restriction address /, for example, supplied to the 
address decoder 6 is decoded and corresponding one 
of the second address lines 60, an Mh second address 
line 60 /t becomes active. Hence, output of the OR gate 
81 becomes active in the priority restriction circuits 8/ to 
8„, while it remains inactive in the priority restriction cir- 
cuits 8! to 8/.-, . Therefore, the output of the AND gate 82 
remains inactive in the priority restriction circuits 8-| to 
8 M regardless of logic of the first address line 20 1 to 
20 Ml while it becomes the same with first address line 
20/ in the priority restriction circuits 8/ to 3„. 

Thus, the restricted search results 80, to 80„ are 
obtained from the AND gate 82 of the priority restriction 
circuits 8-, to B n by masking search results of the first 
address lines 20 1 to 20 M whereof addresses are lower 
than the search restriction address /'. 

When there is any which is active among the 
restricted search results 80! to 80 m output of the NOR 
gate 91 becomes inactive. Hence, output of the AND 
gate 101 of every selection circuit 10 1 to 10„ remains 
inactive regardless of logic of the first address lines 20 1 
to 20 n . Therefore, logic of the restricted search results 
80, to 80„ are output to the third address lines 70, to 
70 n , respectively, as they are. 

On the other hand, when every of the restricted 
search results BO, to 80„ is inactive, that is, no search 
result is found from the restriction address to the maxi- 
mum address, output of the NOR gate 91 becomes 
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active. Hence, output of the AND gate 101 of every 
selection circuit 10 1 to 10„ becomes the same with logic 
of the first address lines 20, to 20„. Therefore, logic of 
the first address lines 2D, to 20 n is output to the third 

5 address lines 70! to 70 ft . respectively, as they are. 

The third address lines 70 {70^ to 70„) are encoded 
by the priority address encoder 13 and an address of 
the lowest active one of the third address lines 70 is out- 
put as the searched address. 

10 Thus, the searching apparatus 1 of the embodiment 
enables to search an address of matching contents 
cyclically recorded in the CAM array 2 with a priority at 
once, that is, a lowest address line indicating matching 
contents among whole address lines of the CAM array 2 

is when there is no address line indicating matching con- 
tents among address lines not lower than a designated 
restriction address, and a lowest address line indicating 
matching contents, when there is any, among address 
fines not lower than the restriction address. 

20 FIG. 3 is a block diagram illustrating another exam- 
ple of the selective restriction circuit 7 of FIG. 1 which is 
applied to the searching apparatus 1 wherein a highest 
address is desired to be searched cyclically, in combina- 
tion with a priority address encoder 1 3 which encodes a 

25 highest active one of the third address lines 70. 

The selective restriction circuit 7 of FIG. 3 has a 
similar configuration to the selective restriction circuit 7 
of FIG. 2 except for comprising a cascade connection of 
priority restriction circuits 1 1 (/ = 1 , to n), in place of the 

30 priority restriction circuits 8, of FIG. 2. 

Each of the priority restriction circuits, a priority 
restriction circuit 11,-, for example, has an OR gate 83 
(except for n-th priority restriction circuit 1 1 n ) for obtain- 
ing OR logic of Mh second address line 60, and output 

35 of the OR gate 83 of the upper priority restriction circuit 
1 1/ +1 , and an AND gate 82 for obtaining AND logic of /- 
th first address line 20/ and output of the OR gate 83 (or 
logic of the n-th second address line 60„ itself in the n- 
th priority restriction circuit 1 1 n). 

40 Therefore, by designating a restriction address /, 
the restricted search results 80! to 80„ are obtained 
from the AND gate 82 of the priority restriction circuits 
11 to 11 n by masking search results of the first address 
lines 20/ +1 to 20„ whereof addresses are higher than 

45 the search restriction address /, in the similar way with 
the priority restriction circuit 8 1 to 8„ of FIG. 2. 

The check circuit 9 checks logic of the restricted 
search results 80 1 to 80„, and the selection circuits 10 1 
to 10„ selects logic to be output to the third address 

so lines 70 from logic of either of the first address lines 20 
or the restricted search results 80 t to 80 „ according to 
output of the check circuit 9, in the same way with the 
check circuit 9 and the selection circuits 10 1 to 10„ of 
FIG. 2. 

55 The third address lines 70 are encoded by the prior- 
ity address encoder 13 and an address of the highest 
active one of the third address lines 70 is output as the 
searched address. 
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Thus, the searching apparatus 1 of this embodi- 
ment enables to search an address of matching con- 
tents cyclically recorded in the CAM array 2 with a 
priority at once, that is, a highest address line indicating 
matching contents among whole address lines of the s 
CAM array 2 when there is no address line indicating 
matching contents among address lines not higher than 
a designated restriction address, and a highest address 
line indicating matching contents, when there is any, 
among address lines not higher than the restriction 10 
address. 

Claims 

1 . A method of searching a CAM (Contents Addressa- is 
ble Memory) array having a plurality of first address 
lines whereof certain are made active when the 
CAM array is searched with a search key; said 
method comprising steps of: 

20 

obtaining restricted search results (80/) by 
making address lines of the plurality of first 
address fines (20) having addresses lower than 
a restriction address inactive; 4. 
selecting logic of third address lines (70) from 25 
logic of the restricted search results when any 
of the restricted search results (80/) is active, 
and from logic of the plurality of the first 
address lines (70) as it is. when none of the 
restricted search results (80/) is active; and so 
outputting a searched address by encoding an 
active address line having a lowest address 
among the third address lines (70). 

2. A method of searching a CAM array having a plural- 35 
ity of first address lines whereof certain are made 
active when the CAM array is searched with a 
search key; said method comprising steps of: 

obtaining restricted search results (80/) by 40 
making address lines of the plurality of first 
address lines (20) having addresses higher 
than a restriction address inactive; 
selecting logic of third address lines (70) from 
logic of the restricted search results (80/) when 45 
any of the restricted search results is active, 
and from logic of the plurality of the first 
address lines (70) as it is, when none of the 
restricted search results (80/) is active; and 
outputting a searched address by encoding an so 
active address line having a highest address 
among the third address lines (70). 

3. An apparatus for searching a CAM array having a 
plurality of first address lines whereof certain are ss 
made active when the CAM array is searched with 

a search key; said apparatus comprising: 



an address decoder (6) for making one of sec- 
ond address lines (60) active according to a 
restriction address, each of the second 
address lines (60) corresponding to each of the 
plurality of first address lines (20) of the CAM 
array (2); 

a selective restriction circuits (7) for obtaining 
restricted search results (80/) by making 
address lines of the plurality of first address 
lines (20) having addresses higher than a 
restriction address inactive according to logic 
of the second address lines (60), and selecting 
logic of third address lines (70) from logic of the 
restricted search results (80/) when any of the 
restricted search results (80,) is active, and 
from logic of the plurality of the first address 
tines as it is when none of the restricted search 
results (80/) is active; and 
an priority address encoder (13) for outputting 
a searched address by encoding an active 
address line having a lowest address among 
the third address lines (70). 

An apparatus as recited in claim 3; said selective 
circuit (7) conrprising: 

a cascade connection of priority restriction cir- 
cuits each (8 ; ) corresponding to each (20/) of 
the plurality (n: n being an positive integer) of 
first address lines, 

a first of the priority restriction circuit hav- 
ing an AND gate for obtaining a first of the 
restricted search results having AND logic 
of a first of the plurality of the first address 
lines and a first of the second address 
lines, and 

each /-th (/ being an integer from 2 to n) of 
the priority restriction circuits (8/) having 
an OR gate (81) for obtaining a restriction 
signal having OR logic of an corresponding 
/-th of the second address lines (60/) and 
the restriction signal of (/ - 1)-th of the pri- 
ority restriction circuits (8 M ), and an AND 
gate (82) for obtaining /-th of the restricted 
search results (80/) having AND logic of an 
corresponding /-th of the plurality of the 
first address lines (20/) and the restriction 
signal; 

a NOR gate (91) for obtaining a selection signal 
having NOR logic of each of the restricted 
search results; and 

a cascade connection of selection circuits, 
each /-th (/being an integer from 1 to n) of the 
selection circuits (10/) having an AND gate 
(101) for obtaining AND logic of the selection 
signal and the corresponding /-th of the plural- 
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ity of the first address lines (20/), and an OR 
gate (102) for outputting OR logic of the output 
of the AND gate (101) and the corresponding /- 
th of the restricted searched results (80/) as 
logic of a corresponding /-th of the third 5 
address line (70;). 

An apparatus for searching a CAM array having a 
plurality of first address lines whereof certain are 
made active when the CAM array is searched with io 
a search key; said apparatus comprising: 

an address decoder (6) for making one of sec- 
ond address lines (60) active according to a 
restriction address, each of the second 75 
address lines (60) corresponding to each of the 
plurality of first address lines (20) of the CAM 
array (2); 

a selective restriction circuits (7) for obtaining 
restricted search results (80/) by making 20 
address lines of the plurality of first address 
lines (20) having addresses lower than a 
restriction address inactive according to logic 
of the second address lines (60), and selecting 
logic of third address lines (70) from logic of the 25 
restricted search results (80/) when any of the 
restricted search results (80,) is active, and 
from logic of the plurality of the first address 
lines as it is when none of the restricted search 
results (80/) is active; and 30 
an priority address encoder (13) for outputting 
a searched address by encoding an active 
address line having lowest address among the 
third address lines (70). 

35 

An apparatus as recited in claim 5; said selective 
circuit (7) comprising: 

a cascade connection of priority restriction cir- 
cuits each (11/) corresponding to each (20/) of 40 
the plurality (n: n being an positive integer) of 
first address lines. 



logic of an n-th of the plurality of the first 
address lines and an n-th of the second 
address lines; 

a NOR gate (91) for obtaining a selection signal 
having NOR logic of each of the restricted 
search results; and 

a cascade connection of selection circuits, 
each /-th (/ being an integer from 1 to n) of the 
selection circuits (10/) having an AND gate 
(101) for obtaining AND logic of the selection 
signal and the corresponding /-th of the plural- 
ity of the first address lines (20/), and an OR 
gate (102) for outputting OR logic of the output 
of the AND gate (101) and the corresponding /- 
th of the restricted searched results (80/) as 
logic of a corresponding /-th of the third 
address line (70/). 



each /-th (/being an integer from 1 to n - 1) 
of the priority restriction circuits (1 1 i) hav- 45 
ing an OR gate (83) for obtaining a restric- 
tion signal having OR logic of an 
corresponding /-th of the second address 
lines (60/) and the restriction signal of (/ + 
1)-th of the priority restriction circuits so 
(1 1 /+1 ), and an AND gate (82) for obtaining 
/-th of the restricted search results (80/) 
having AND logic of an corresponding /-th 
of the plurality of the first address lines 
(20,) and the restriction signal, and 55 
an n-th of the priority restriction circuit hav- 
ing an AND gate for obtaining an n-th of 
the restricted search results having AND 



6 



EP 0 872 802 A2 



S3' 




7 



EP 0 872 802 A2 




8 



EP 0 872 802 A2 




9 



This Page Blank (uspto) 



